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Abstract
Background—The seasonal incidence of influenza is often approximated as 5%—-20%.

Methods—We used 2 methods to estimate the seasonal incidence of symptomatic influenza in
the United States. First, we made a statistical estimate extrapolated from influenza-associated
hospitalization rates for 2010-2011 to 2015-2016, collected as part of national surveillance,
covering approximately 9% of the United States, and including the existing mix of vaccinated and
unvaccinated persons. Second, we performed a literature search and meta-analysis of published
manuscripts that followed cohorts of subjects during 1996-2016 to detect laboratory-confirmed
symptomatic influenza among unvaccinated persons; we adjusted this result to the US median
vaccination coverage and effectiveness during 2010-2016.

Results—The statistical estimate of influenza incidence among all ages ranged from 3.0%-—
11.3% among seasons, with median values of 8.3% (95% confidence interval [CI], 7.3%-9.7%)
for all ages, 9.3% (95% ClI, 8.2%-11.1%) for children <18 years, and 8.9% (95% ClI, 8.2%-9.9%)
for adults 18-64 years. Corresponding values for the meta-analysis were 7.1% (95% ClI, 6.1%-—
8.1%) for all ages, 8.7% (95% CI, 6.6%-10.5%) for children, and 5.1% (95% ClI, 3.6%—6.6%) for
adults.

Conclusions—The 2 approaches produced comparable results for children and persons of all
ages. The statistical estimates are more versatile and permit estimation of season-to-season
variation. During 2010-2016, the incidence of symptomatic influenza among vaccinated and
unvaccinated US residents, including both medically attended and nonattended infections, was
approximately 8% and varied from 3% to 11% among seasons.
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Seasonal influenza virus infection is so common that its incidence can only be estimated.
The Centers for Disease Control and Prevention (CDC) maintains surveillance for a number
of measures, such as the percentage of respiratory specimens submitted to clinical
laboratories that are positive for influenza and the percentage of outpatient visits to sentinel
physicians that are for influenza-like illness [1]. Using national registries of total
hospitalizations and deaths along with data on the frequency of influenza virus detection in
laboratories, regression models often are used to estimate the numbers of hospitalizations or
deaths associated with influenza [2]. However, in the United States, there is no routine
surveillance for the total number of laboratory-confirmed influenza infections, and the
number of published studies that include such data is limited. In addition to the large
numbers of influenza infections, difficulties with such studies include the great variability in
influenza incidence among seasons and geographic areas and the need for expensive,
frequent follow-up of a cohort of subjects to avoid missing symptomatic infections. In lieu
of counting individual infections, the CDC Influenza Division makes statistical estimates of
the seasonal number of influenza infections and the number of these infections averted by
influenza vaccine [3, 4].

A common approximation is that “5%-20% of people get influenza each season.” This
figure is based on a serologic study performed in Tecumseh, Michigan, during the 1976—
1977 through 1980-1981 influenza seasons [5] and is widely used on websites [6, 7] and in
the introduction section to peer-reviewed manuscripts [8, 9]. A recent systematic review [10]
provides a more contemporary estimate, but includes many studies from outside the United
States, and, because it is based on the placebo group in controlled vaccine trials, excludes a
number of relevant cohort studies. The purpose of this manuscript is to summarize data on
the incidence of symptomatic influenza among United States residents using 2 methods: a
statistical estimate and a literature review and meta-analysis.

METHODS

Statistical Estimate

The methods used to make this estimate have been summarized previously and are outlined
in Supplementary Table 1 [3, 4]. In short, the rate of hospitalizations with laboratory-
confirmed influenza is determined from data collected by the Influenza Hospitalization
Surveillance Network (FluSurv-NET) in >70 counties in 13 geographically dispersed states
which represent about 9% of the United States population [1]. The number of
hospitalizations with influenza was calculated by multiplying this rate by the United States
population and then applying age group-specific adjustments for the percentage of hospital
inpatients with respiratory disease that are tested for influenza and the sensitivity and
specificity of laboratory methods used. To extrapolate to all influenza cases (ie, including
those that are not hospitalized), the estimated number of hospitalizations was multiplied by a
previously measured ratio of total influenza infections to those that result in hospitalization
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[11]. Data from 6 seasons (2010-2011 to 2015-2016) are presented, stratified by age group
(0-4 years, 5-17 years, 18-49 years, 50-64 years, =65 years) and for children <18 years and
adults 18-64 years of age. These estimates for the numbers of infections among the mix of
vaccinated and unvaccinated persons in the United States during 2010-2016, when a median
of 44% of residents were vaccinated [12], were divided by the census population to estimate
the seasonal incidence.

Literature Review

We sought articles with the following characteristics: English language; published during a
20-year period (influenza seasons 1996-1997 to 2015-2016 but excluding the 2009-2010
pandemic year); performed in the United States or Canada; and included follow-up of a
defined group of subjects to detect symptomatic, laboratory-confirmed (by culture or
reverse-transcription polymerase chain reaction [RT-PCR]) seasonal influenza during at least
1 influenza season (approximately October of 1 year to May of the following year). Studies
with appropriate data included the placebo arm of controlled trials and cohort studies of
respiratory virus incidence. Studies were excluded if a case-control, case-cohort, or design
other than cohort was used; only medically attended subjects were included; or only
members of a specific group were included (eg, subjects with a specific disease, healthcare
workers, children or staff in childcare facilities, residents of long-term care facilities,
military personnel, and religious group members).

We made a hand-search of articles that were known to the authors, written by authors who
frequently publish on this subject, or included in recent review articles [10, 13]. Next, 4
databases were searched during February 2017 using a strategy developed by a reference
librarian (Supplementary Table 2). One of the authors (J. I. T.) screened the titles and
abstracts from all identified publications and performed a full-text review of the subset that
appeared to meet inclusion criteria.

We abstracted the following variables: influenza season, type of study (clinical trial vs
cohort study), site (eg, country, state, city), ages included, active (subjects contacted
routinely to ascertain symptoms) vs passive (request that patient contact researcher if has
symptoms) follow-up, swab type (throat, nose, nasopharyngeal, oropharyngeal), laboratory
testing method (culture or RT-PCR), percentage of subjects with current-season vaccination,
total number of subjects followed, and number or percentage with symptomatic laboratory-
confirmed influenza. If data were presented separately for influenza types or subtypes, the
numbers were added to estimate the total number with influenza (eg, if 10 subjects were
reported with influenza A and 5 with influenza B, a total of 15 subjects with influenza was
calculated). In clinical trials, per-protocol rather than intention-to-treat results were
preferentially included.

To assess study quality, we adapted criteria from the Newcastle-Ottawa Quality Assessment
Scale for Cohort Studies [14] (Supplementary Tables 3—4). We assessed representativeness
(geographic, age, and general characteristics) of the non-exposed cohort, adequacy of
follow-up (eg, active vs passive follow-up) and assessment of outcome (sensitivity of
symptoms prompting laboratory testing, eg, not requiring fever); and laboratory method.
Items deemed not applicable included representativeness of the exposed cohort (there was
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no exposure, ie, vaccinated group), ascertainment of exposure, demonstration that outcome
was not present at the start of the study (not relevant for influenza), comparability of cohorts,
and duration of follow-up (all included studies followed subjects for at least 1 influenza
season).

We first performed descriptive analyses. Many studies included only unvaccinated subjects,
and, where data were reported for a mix of vaccinated and unvaccinated subjects, the median
percentage vaccinated was >60%, higher than in the United States general population.
Therefore, to facilitate comparability with the statistical estimates, we limited meta-analyses
to unvaccinated subjects and adjusted the results to approximate infection rates given median
vaccination coverage and effectiveness during 2010-2016 (Supplementary Table 5). We
performed meta-regression with Comprehensive Meta Analysis software version 3.3070
(Biostat, Englewood, New Jersey) and created forest plots and calculated random-effects
summary incidences using the generic inverse variance method in Review Manager version
5.3 software (Cochrane Collaboration, Copenhagen, 2014). We calculated the standard error
using methods appropriate for proportions. We adjusted for or stratified analyses by season
severity and age group (children <18, adults 18-64, adults >65 years) because of prior
evidence of the importance of these variables [5, 10, 15]. A previous systematic assessment
had classified seasons 2003—-2004 through 2013-2014 as low, moderate, or high influenza
severity using 3 criteria: the maximum percentage of patients with influenza-like illness
reported to the CDC Outpatient Influenza-like 1llness Surveillance Network (ILINet), the
percentage over baseline for pneumonia and influenza mortality from the 122 Cities
Mortality Reporting System, and the hospitalization rate determined by FluSurv-NET [1].
For the 1996-1997 through 2002-2003 seasons, which were not included in the systematic
assessment and for which hospitalization rate data were not available, we made severity
assessments using similar methods but using only the first 2 criteria. FluSurv-NET has been
determined to be public health surveillance that does not require human subjects review.
Data for the meta-analysis came from published manuscripts, except that we obtained
additional data for 4 of the studies [16—-19] from the authors.

Statistical Estimate

The 6 influenza seasons covered by CDC estimates of influenza activity included 3 that were
A(H3N2) predominant, 2 that were A(HLN1)pdm09 predominant, and 1 with mixed
A(H3N2) and A(HLN1)pdmO9 predominance (Table 1). Severity was moderate in 4 years,
low in 1 year, and high in 1 year [20]. For all ages, median incidence was 8.3% (95% Cl,
7.3%-9.7%) and varied among seasons from 3.0% to 11.3%. Median values were 9.3%
(95% Cl, 8.2%-11.1%) for children 0-17 years, 8.9% (95% CI, 8.2%-9.9%) for adults 18—
64 years, and 3.9% (95% CI, 3.4%-4.2%) for adults =65 years (Table 2).

Literature Review

The database searches identified 5347 manuscripts, most from Ovid Medline (n = 4671)
(Figure 1). After removal of duplicates, we screened 5288 by title and abstract, 94

Clin Infect Dis. Author manuscript; available in PMC 2019 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tokars et al.

Page 5

underwent full text review, and 16 met study inclusion criteria. Of the 16, 15 had been
identified by hand searches.

The 16 studies spanned the 1996-1997 to 2013-2014 influenza seasons (Table 3). Of the 16,
10 were controlled trials (data from the control arm was used) and 6 were cohort studies;
most were intended to study the efficacy or effectiveness of influenza vaccine (n = 14).
Many of the studies included a limited age range and required that subjects be “healthy,”
most commonly excluding people with risk factors for influenza complications. Recruitment
was of households in 5 and individuals in 11. One study was done in Canada, and the
remainder in the United States. Throat swabs were used in 10, nasal swabs in 7,
nasopharyngeal swabs in 4, and oropharyngeal swabs in 1 (total >16 since multiple swab
types were used in some studies). Detection of influenza viruses was done by RT-PCR with
or without culture in 9 studies and by culture only in 7. Data on unvaccinated subjects were
reported for 15 studies and 12 had active follow-up for respiratory illness, contacting
subjects at least every 2 weeks regarding respiratory symptoms.

Only 1 study of persons =65 years was identified [23] (Table 3). This study spanned 4
seasons and showed a pooled percentage with influenza of 3.2%. However, 94% of the
subjects had received influenza vaccination and therefore this result is not comparable to the
other studies identified. This study was not included in meta-analyses and no estimates for
adults =65 years were made.

Of 15 manuscripts included in meta-analyses, study quality measures were high or
intermediate for 9 for geographic representativeness, 13 for age representativeness, 15 for
general representativeness, 12 for adequacy of follow-up, 13 for sensitivity of symptoms
prompting laboratory testing, and 15 for laboratory method (Supplementary Tables 3 and 4).
Geographic representativeness was rated as low in 6 studies because they were done in
single cities.

The meta-regression model included 23 study seasons with data on children or adults (Table
4). The model explained 72% of between-study variance. Season severity and age group
were highly significant predictors (£ < .0001). Incidence was estimated to be 6.4% in adults
and 4.5% higher (or 10.9%) in children during seasons of moderate severity. Additional
variables that we evaluated and found to be nonsignificant are listed in Table 4 (data not
shown).

We show data for all seasons, but show forest plots and random-effects incidence rates only
for seasons of moderate severity (Figure 2A-2C). For children, there were 9 study seasons, 2
of low, 6 of moderate, and 1 of high severity; among seasons of moderate severity, there
were 260 infections among 2028 persons (pooled incidence 12.0% [95% Cl, 9.2%—-14.7%];
Figure 2A and Table 2). For adults, there were 14 study seasons, 5 of low and 9 of moderate
severity; among seasons of moderate severity, there were 241 infections among 4269
persons (pooled incidence was 6.1% [95% CI, 4.3%—-7.9%]; Figure 2B). For persons of all
ages, there were 5 study seasons, 1 of low and 4 of moderate severity; among seasons of
moderate severity the pooled incidence was 8.9% (95% ClI, 7.7%-10.2%; Figure 2C). After
adjustment to reflect median vaccine coverage and effectiveness during 2010-2016,
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estimated incidence was 8.7% for children, 5.1% for adults, and 7.1% for all ages (Table 2,
Supplementary Table 5).

DISCUSSION

We used 2 methods to make an updated estimate of the seasonal incidence of symptomatic
influenza, both medically attended and non—-medically attended, among United States
residents. The first (statistical estimation) method was based on CDC-measured rates of
hospitalization with influenza that were adjusted to produce an estimate of total numbers of
influenza infections. The second was a literature review and meta-analysis of published
studies. The 2 methods produced similar incidence results for all ages (7%—8%) and for
children (both 9%), but the statistical estimate was higher than the meta-analytic result for
adults 18-64 years of age (9% vs 5%; Table 2). The statistical estimation method was more
versatile, allowing estimates to be made for people of all ages, including those =65 years,
and seasons of varying severity; by this method, incidence varied among seasons from 3% to
11%.

Because of its greater clinical relevance, we studied symptomatic influenza infection.
Estimates of the percentage of influenza infections that are asymptomatic include a common
approximation of 50% [33], 33% in 1 review [34] and 4%-28%, 0-100%, and 65%—-85% in
another review [35]. Both asymptomatic and symptomatic infections are captured in
serological studies. The commonly cited “5%—-20%" figure came from a serological study
[5], and so represents both symptomatic and asymptomatic disease among a mix of
vaccinated and unvaccinated persons. I1f 50% of influenza were symptomatic, this would
correspond to “2.5%-10%" with symptomatic disease, which is very similar to the range
that we report.

It is widely believed that influenza incidence is higher in children than in adults [15], but the
magnitude of difference is uncertain and may differ by vaccination status and laboratory
method. The ratio of incidence in children to adults was 4.2 in a recent meta-analysis of
symptomatic infection [10] and 1.5-3.3 in 3 studies that used serology and therefore
detected both symptomatic and asymptomatic infection [5, 36, 37]. Our results, which
include only symptomatic infection, showed this ratio to be 1.0 (9.3/8.9) for mixed
vaccinated and unvaccinated by statistical estimation, 2.0 (12.0/6.1) for unvaccinated by
meta-analysis, and 1.7 (8.7/5.1) for vaccinated and unvaccinated by meta-analysis. Thus our
statistical estimates show a smaller difference between children and adults than we found by
meta-analysis and that was found in some prior studies.

The statistical estimation method that we present has become the primary way that CDC
estimates the seasonal numbers of influenza infections, medical visits, hospitalizations and
deaths due to influenza, and the numbers of these events that are prevented by vaccination.
The strengths of this method include the careful yearly collection of hospitalization data
from geographically representative regions that include approximately 9% of the United
States population. This large sample size allows robust estimates, and yearly collection
allows estimates of year-to-year variability. The 6 seasons we studied included 1 season of
low and 1 season of high severity; therefore, the range that we report should be a good
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estimate of seasonal variability. These advantages make the statistical estimation approach
the preferred method to make updated and yearly estimates of seasonal influenza incidence.

Our literature review produced an important independent estimate of influenza incidence.
We used a comprehensive search strategy (Supplementary Table 2), careful inclusion
criteria, and an adaptation of an accepted quality assessment scale. Our meta-regression
model explained a high proportion of between-study variance. After adjusting for season
severity, only age group was a significant predictor and other factors that we assessed were
nonsignificant. While culture is known to be less sensitive than RT-PCR for influenza
detection [38], we were unable to demonstrate this effect in our meta-regression model,
probably because of the small numbers of studies and multiple uncontrolled differences
among the studies. Differences in results between the statistical estimate vs meta-analysis,
particularly in adults, may be due to differences in seasons included or to limitations in the
age-specificity of values used to make the statistical estimate.

Other limitations of the statistical estimate method have been discussed previously [3] and
include the possibility of incomplete capture of all influenza cases hospitalized for
conditions such as exacerbations of respiratory and circulatory disease. The adjustment for
testing frequency could lead to an overestimate of influenza cases if influenza infection was
less common among untested than tested patients. The hospitalization rates must be adjusted
to estimate influenza infections using estimates of the ratio of total to hospitalized infections
that are based on limited data collected before and during the 2009 pandemic. The literature
review also had limitations. Only one person reviewed the references and abstracted data.
Among the relatively small number of available studies, there were limitations of
representativeness, especially geographically (eg, studies done in a single city). A minority
of studies included subjects from the entire child (<18 years) or adult (18-64 years) age
span, and no estimate for those =65 years of age could be made. Included subjects may not
be representative of the US population age structure. While many studies excluded persons
with medical conditions, such persons are not known to have a higher risk of influenza
infection, although they do have a higher risk of complications if infected. Finally, we
present estimates only for seasons of moderate severity because of the small numbers of
studies available during high or low seasons.

The most important way to prevent influenza is yearly vaccination, which is recommended
for everyone 6 months and older [39]. Other prevention measures include personal hygiene
measures such as covering coughs and sneezes with a tissue, handwashing, and staying
home when sick. Understanding the value of these approaches makes it essential to have
routine measures of influenza activity. CDC’s National Influenza Surveillance System
collects and releases a number of measures each week through the FluView website [1], and
these data are supplemented by statistical estimates. A simple and frequently encountered
question is “What percentage of people have influenza illness each season?” We used 2
methods to answer this question and found similar answers, suggesting the validity of the
statistical estimation method to make burden estimates that can be updated yearly. Using this
method, we found that among the mix of vaccinated and unvaccinated persons in the United
States during 2010-2016, the incidence of influenza was approximately 8% during seasons
of moderate severity and varied from 3% to 11% among the seasons.
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Database searches

Ovid Medline:4671 Embase:535 CINAHL:23 Cochranelibrary:118 Total:5347

| After duplicates removed: 5288 ]

* [ Excluded:5194 J
l Title/abstract screened:5288 / Excluded:78

* Not United States/Canada: 26
Medically-attended cases only: 14
| Full text reviewed: 94 )—/”—. Not primary data source: 15
‘ Did not test all possible cases: 5
Inadequate follow-up:5
| Met study criteria: 16 ] *Other: 13
{‘- Hand-search
Met study criteria: 15
[ Included in study: 16 ]

Figure 1.
Numbers of manuscripts screened and included in the study. *Did not follow for a full

influenza season (n = 4), data from the 2009-2010 pandemic (n = 3), clinical trial without a
placebo group (n = 3), subjects not from the general population (n = 3). Abbreviation:
CINAHL, Cumulative Index to Nursing and Allied Health Literature.
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A Positive Followed incidence Incidence
Study or Subgroup _Incidence SE__ Total Total Weight IV, ~andom, 95% Cl_Year IV, Random, 95% CI
Belshe 2000a 17.67 1.6536 94 §32 17.3% 17.67(14.43,20.91) 1996 ——
Belshe 2000b 127 15855 56 441 17.7% 12.70[9.59,1581) 1997 —
Hoberman 2003a 1594 31162 22 138 00% 1594([983 2205 1999
Hoberman 2003b 325 15994 4 123 00% 3.25[0.12,6.38) 2000
Monto 20142 1237 19301 36 291 159% 1237(859,16.15) 2010 g
Monto 2014b 29 1661 6 207 00%  2900.36,6.16) 2011
Ohmit 2015 11.26 18469 k) 293 163% 11.26(764,1488) 2012 ——
Smithgall 2015 892 1738 24 268 169% 802([551,1233) 2013 ——
Ohmit 2016 842 1.9534 17 202 158%  8.42[4.59,12.25) 2013 i
Total (95% CI) 260 2028 100.0% 11.96[9.22, 14.70] L 3
Heterogeneity. Tau®= 8.56; Chi*= 1861, ¢f=5 (P=0.002); P= 73% 150 .‘50
Testfor overall effect Z= 8.55 (P < 0.00001) Percent
B Positive Participants Incidence Incidence
Study or Subgroup _ Incidence SE_ Total Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
Langley 2011 203 06703 9 443 148%  203[0.72,334) 2003 -
Treanor 2007 458 16892 7 153 104%  458(1.27,7.89) 2004 ——
Ohmit 2006 7.77 18648 16 206 97% 7.77(4.12,11.42) 2004 —_—
Jatkson 2010a 22 03534 38 1725 00%  220[1.51,289) 2005
Ohmit 2008 178 07182 3 338 00%  1.78(0.37,319) 2005
Jackson 2010b 108 02283 22 2043 00%  1.08[0.63, 153 2006
Treanor 2011 495 04518 114 2304 155%  4.95[4.06,584) 2007 -
Monto 2009 1077 1.7195 35 325 10.3% 10.77[7.40,14.14]) 2007 —
Barett 2011 221 02445 80 BIT 00%  221[1.73,269) 2008
Monto 2014a 528 13272 15 284 120%  5.28(268,7.88) 2010 —r—
Monto 2014b 208 1.1902 3 144 00% 2081025441 2011
Ohmit 2015 938 17176 27 288 103%  938(6.01,1275) 2012 —_—
Smithgall 2015 5 24367 4 80 76% 5000022978 2013 —
Ohmit 2016 7.53 1.9345 14 186 94% 753[374,11.32 2013 ——
Total (95% C1) 241 4269 100.0%  6.09[4.29,7.90] £
Heterogeneity. Tau"= 5.25, Chi*= 41.03, df= 8 (P < 0.00001), = 81% 5 5
Testfor overall effect Z= 6.63 (P < 0.00001) Parcent
C Positive Participants Incidence Incidence
Study or Subgroup _Incidence SE__ Total Total Weight IV, Random, 95% C1_Year IV, Random, 95% CI
Ohmit 2013 887 1.1856 51 5§75 305% 8.87[6.55,11.19] 2010 S =
Monto 2014b 256 08437 9 351 00%  256(0.91,421) 2011
Ohmit 2015 1033 1.2625 60 §81 269% 10.33(7.86,12.80) 2012 —-—
Smithgall 2015 826 14695 29 351 199% ©26(538,11.14] 2013 ——
Ohmit 2016 7.99 13765 N 388 227% 7.99(529,1069) 2013 —-
Total (95% C1) 171 1895 100.0%  8.94(7.66, 10.23) &
Heterogeneity Tau®= 0,00, Chi*= 1,91, df= 3 (P = 0.59); F= 0% 5 5 5
Testfor overall effect Z= 1365 (P < 0.00001) Percent

Figure 2.

Influenza incidence in unvaccinated children aged <18 years (A), adults (B), and all ages

(0), by season and study. Data is shown for all seasons, but forest plots and summary

incidence include only seasons of moderate severity. “Year” denotes first year in the
influenza season (eg, “1996” denotes the 1996-1997 influenza season). Thirteen of the 14
study seasons include only adults aged 18-64 years; 1 [30] may include some adults =65
years of age. Abbreviations: Cl, confidence interval; 1V, inverse variance; SE, standard error.
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Table 2

Summary of Results, Incidence of Symptomatic Influenza in US Residents in Seasons of Moderate Severity,
by Method of Estimation and Vaccination Category

Statistical Estimation Method, |Incidence, % Meta-analysis, Incidence, %
(95% CI)2 (95% ClI)
Age Group,y  Vaccinated and Unvaccinated® Unvaccinated®  Vaccinated and UnvaccinatedPd
Children <18y 9.3 (8.2-11.1) 12.0 (9.2-14.7) 8.7 (6.6-10.5)
Adults 18-64y 8.9 (8.2-9.9) 6.1(4.3-7.9) 5.1 (3.6-6.6)
Adults 265 y 3.9(3.4-4.2) No estimate No estimate
All ages 8.3 (7.3-9.7) 89(7.7-10.2)  7.1(6.1-8.1)

Abbreviation: ClI, confidence interval.
a_ .
Estimates from Table 1.
bMedian 44% of US residents were vaccinated during 2010-2016 (Supplementary Table 5) [12].
cEstimates from Figure 2.

dCaIcuIated by reducing the incidence in unvaccinated by 28.6% for children, 16.4% for adults, and 20.4% for all ages (Supplementary Table 5).
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